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Background and Purpose
The Silica Formation, or Silica Shale, a sedimentary rock unit of Middle
Devonian age, consists of alternating layers of shale and limestone with a total
thickness of roughly fifty-five feet (Camp and Hatfield, 1991). It is found in the
southwestern Michigan Basin, stratigraphically above the Dundee Limestone and
below the Ten Mile Creek Dolomite. The Silica Formation lies on the
northwestern flank of the Cincinnati Arch, locally known as the Findlay Arch.
The sedimentary rocks of the Silica were deposited roughly 390 million
years ago, contemporaneous with the Acadian Orogeny. During the Devonian,
North America occupied a much more southerly position on Earth; the Michigan
Basin was covered with shallow, tropical marine water (Figure 1). The fauna of
this sea was dominated by molluscs, brachiopods, corals, trilobites, bryozoa,
molluscs and echinoderms (Kesling and Chilman, 1975).
The Michigan Basin was gently subsiding in the Devonian, accumulating
thicknesses of strata throughout (Dorr and Eschmann, 1970). The limestone
layers of the Silica Formation represent times when the water column was clear,
with little input of clastic sediment. When shale was deposited, the water was
murky, saturated with influxes of clastic sediment (Gardner, 1974). Periods that
record deposition of shale coincide with pulses of uplift ofin the Acadian
Mountains located to the east. Only the finest particles of clastic sediments from
this major provenance were transported to and deposited in the Michigan Basin.
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Acadian
Mountains

Michigan Basin

Figure 1: North America during the Middle Devonian. Note the equator, the Michigan Basin and
the Acadian Mountains. The dot within the Michigan Basin represents the approximate location of
the study area. (Blakey, 2005)
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The purpose of this research was to:
1) Measure a stratigraphic section of the Silica Formation at Paulding, Ohio
2) Correlate this section with a well known exposure of the Silica Formation
at Sylvania, Ohio
3) Compare the fauna of the Sylvania and Paulding localities and attempt to
interpret differences in terms of paleoenvironment
4) Compare the morphology of Phacops trilobite specimens between the
Sylvania and Paulding localities

Study Area and Methods
A detailed lithostratigraphic section was measured and described at the
LaFarge North America quarry, near the intersection of US-127 and CR-176 in
Paulding, Ohio in the fall of 2007 and the spring of 2008 (Figures 2 and 3).
Strata thicknesses in the quarry face were determined via trigonometric
methods whereby a tape was laid at the quarry face and played out some
distance. A Brunton pocket transit was then used to measure the angle between
the quarry floor and the top of the wall. The angle’s tangent was taken, multiplied
by the distance from the rock face and added to the measurer’s eye height. Due
to safety concerns, the readings were not verified by dropping a tape down the
quarry’s edge.
In other cases, an individual layer’s thickness was measured with a
measuring tape along the quarry face. Individual rock units were then described
preliminarily by close visual inspection of the quarry face, and then refined and
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Figure 2: LaFarge North America quarry in Paulding, Ohio.

A
A'

Figure 3: Location of the LaFarge North America quarry in Paulding, Ohio and the France Stone
Co. quarry in Sylvania, Ohio.
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cross-checked with rocks blasted to the quarry floor. Strata were described on
the basis of rock type, sedimentary structures and fossil content and a
stratigraphic section was constructed.
This section was correlated with the type section in Sylvania (exposed in
quarries presently owned by the France Stone Company; Figures 3 and 4), as
described by Kesling and Chilman (1975) and Camp and Hatfield (1991), using
standard lithostratigraphic correlation techniques.
Specimens of fossils collected at Paulding were identified to the genus
level with the aid of Fossils of Ohio (Feldman et al., 1996) and Strata and
Megafossils of the Middle Devonian Silica Formation (Kesling and Chilman,
1975). The relative abundances of each particular group were noted and
representative specimens for each of the major groups were photographed in the
laboratory. This fauna was then compared with fauna at Sylvania as described in
Kesling and Chilman's text (1975).
To determine differences in Phacops morphology between Paulding and
Sylvania, specimens’ morphology was quantified on the basis of length and width
of the cephlon and pygidium, respectively. This data was used to construct two
plots:
1. Cephlon length versus width for each location
2. Pygidium length versus width for each location.
Additionally, average values of cephla and pygidia length from each
locality were calculated and plotted.
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Figure 4: The Silica Formation exposed in Sylvania, Ohio.

7

Results
The basal fourteen feet of strata found in Paulding represent the
uppermost layers of the Dundee Formation. The rocks are homogenous gray
micrite limestone with bedding ranging from laminations to thin beds. No fossils
were found in this unit.
The overlying 4 feet are thought to represent units 1 through 6 of the Silica
Formation. Differentiation between individual units is not possible at Paulding due
to a homogenous lithology consisting of medium-bedded gray limestones with
stylolites. Scattered colonial corals are the most prevalent fossils.
Unit 7 follows with one foot of massive gray limestone, densely packed
with tabulate and rugose corals. Unit 8 marks the first detectable influx of clastic
sediment with three feet of blue-gray argillaceous limestone. Unit 8 becomes
more argillaceous upward through the succession. Many fossil specimens show
pyritization, indicative of anoxic diagenetic conditions. Brachiopods are the most
common fossils.
Unit 9 is represented at Paulding by eleven inches of argillaceous
limestone which grades upward into thinly-bedded, blue-gray calcareous shale.
This unit is very fossiliferous, containing most of the common Silica genera.
Nine inches of gray, thinly-bedded argillaceous limestone represent unit
10. Unit 11 follows with seven inches of calcareous shale, thinly-bedded and gray
with brachiopods. Units 12, 13 and 14 are represented by undifferentiated highly
argillaceous limestone, massive and light gray.
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Thinly-bedded, gray calcareous shale of unit 15 measures eight inches
with common brachiopods. The top nine inches of section at Paulding comprise
layers of thinly-bedded, dark gray argillaceous limestone representing unit 16;
brachiopods are common.
The uppermost units of the Silica, 17 through 26, are absent at Paulding.
Their absence is likely due to later erosion rather than non-deposition.
The stratigraphic section exposed at Paulding is presented graphically in
Figure 5. Correlation between the sections at Paulding and Sylvania shown in
Figure 6 was based largely upon units 7, 8 and 9. In both locations these units
show characteristics unique to the stratigraphic succession.
At Paulding, unit 7 is represented by densely packed tabulate and rugose
corals within a matrix of gray limestone. At Sylvania, unit 7 is represented by
calcareous, blue-gray shale with argillaceous limestone lenses. The basal part
contains abundant tabulate and rugose corals (Kesling and Chilman, 1975). This
marks the first instance of concentrated corals in the Silica Formation at both
Paulding and Sylvania. The difference in lithology is interpreted as small-scale
clastic influx from the Acadian Mountains which did not extend as far as
Paulding.
Unit 8 at Paulding is a massive, blue-gray argillaceous limestone with
pyritized fossils. At Sylvania, unit 8 exhibits the same lithology and presence of
pyritized fossils. This is the only unit in the entire Silica Formation in which fossils
show a high degree of pyritization (Kesling and Chilman, 1975).
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Figure 5: Stratigraphic section at LaFarge Quarry, Paulding, Ohio.
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Figure 6: Lithostratigraphic correlation of Silica Formation from Paulding (A) to Sylvania (A’).
Sylvania section adapted from Camp and Hatfield (1991).
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Unit 9 at both localities is thinly-bedded calcareous shale grading
downward to argillaceous limestone. This unit is very fossiliferous at both
locations and is the only unit in the Silica in which Phacops is very common
(Kesling and Chilman, 1975).
The primary difference between the sections at Paulding and Sylvania is
the thickness of units; shale units have a tendency to thin as they are traced
southwesterly while the limestone units tend to thicken. These trends are
consistent with expected results; limestone units should thicken and shale units
should thin with distance from the Acadian provenance of clastic sediment.
Paleoenvironmental conditions at Paulding and Sylvania were very similar
for most of the Middle Devonian. The primary difference is that water at Paulding
was less saturated with clastics than water at Sylvania.
Brachiopod genera identified at Paulding include Mucrospirifer,
Devonochonetes, Strophodonta, Spinocyrtina and Pseudoatrypa. Coral genera
identified at Paulding include Heliophyllum, Hexagonaria and Aulopora. Mollusc
genera identified at Paulding include Acleistoceras; arthropod genera include
Phacops, Dechenella and undifferentiated ostracods. Examples of specimens
found at Paulding are shown on Plate 1.
In general, the faunas found at Paulding and Sylvania are very similar.
The primary difference is the greater abundance of corals and relative scarcity of
echinoderms, specifically crinoids, at Paulding (Figure 7).
One hypothesis to explain this fundamental difference in faunas is the
presence of Zooxanthellae in the corals (Cowen, 1988). Zooxanthellae is a type
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Plate 1: Fossil specimens found at Paulding. A. Trilobite genus Phacops, B. coral genus
Hexagonaria, C. mollusc genus Acleistoceras, D. brachiopod genus Strophodonta, E. brachiopod
genus Pseudoatrypa, F. coral genus Heliophyllum.
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Phylum
Brachiopoda

Bryozoa

Cnidaria

Echinodermata

Arthopoda

Mollusca

Genus
Atrypa
Strophodonta
Pholidostrophia
Mucrospirifer
Leiorhynchus
Devonochonetes
Camarotoechia
Rhipidomella
Protoleptostrophia
Pseudoatrypa
Megastrophia
Mediospirifer
Hercostrophia
Athyris
Paraspirifer
Spinocyrtia
Streblotrypa
Sulcoretepora
Acanthoclema
Helopora
Fistulipora
Undifferentiated
Aulocystis
Aulopora
Cystiphylloides
Heliophyllum
Heterophrentis
Pleurodictyum
Favosites
Hexagonaria
Arthroacantha
Gilbertsocrinus
Euryocrinus
Rhinocaris
Phacops
Ostracods
Platyceras
Lophonychia
Acleistoceras

Paulding, Ohio
0
2
0
1
0
1
0
0
0
2
1
0
0
0
0
2
0
0
0
0
0
1
0
1
0
2
0
0
0
2
0
0
0
0
2
1
0
0
1

0: Not present at this location.
1: Present, but not abundant at this location.
2: Abundant at this location.
Figure 7: Relative abundances of fossil genera at Paulding and Sylvania.

Sylvania, Ohio
2
2
1
2
1
2
1
1
1
1
2
1
1
1
2
1
1
2
1
2
1
1
1
2
2
1
1
1
1
1
1
2
1
1
2
1
1
1
1
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of photosynthetic algae that form a symbiotic relationship with corals, whereby
the corals provide protection for Zooxanthellae, while Zooxanthellae provide the
corals with additional nutrients that would not otherwise be available.
This extra boost in nutrition provided by Zooxanthellae could allow filterfeeding corals to cope better with offshore waters poor in planktonic organisms.
Crinoids, being entirely dependant upon filter-feeding, would not be as likely to
survive in offshore environments poor in planktonic organisms.
Phacops morphological data from Sylvania and Paulding are presented on
Figures 8, 9, 10 and 11.
Two trends are apparent on the length versus width plots of pygidia and
cephla (Figures 8 and 9): a linear trend in size distribution and greater size of
specimens at Paulding.
Differences in size can be seen clearly when examining average size plots
of both cephla and pygidia (Figures 10 and 11). On average, Phacops specimens
at Paulding are 44% larger than their counterparts at Sylvania.
One hypothesis to explain this difference in size distribution is juvenile
members of Phacops inhabited shallow coastal areas while the adult members
would move to offshore environments. Coastal environments would provide
juvenile Phacops with greater access to nutrient input from shore as well refuge
from larger predators.
Another explanation is difference in taphonomy. At Sylvania, conditions
may have been such that juvenile specimens of Phacops were more likely to be
preserved than their counterparts at Paulding. In either case, more research is
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necessary to determine why specimens at Paulding are larger than specimens at
Sylvania.

Conclusions
The stratigraphic section at Paulding was found to expose the upper part
of the Dundee Formation and the lower 28 feet of the Silica Formation. Units that
correlate from Sylvania to Paulding (1-17) show shale layers thinning and
limestone layers thickening to the west. This is consistent with expected results
based on the paleogeography of the Middle Devonian.
Fauna from the two localities were found to be very similar except in
regards to echinoderms (specifically crinoids) and cnidarians (specifically corals).
The relatively greater abundance of corals at Paulding may be explained by their
symbiotic relationship with Zooxanthellae. Relative scarcity of crinoids at
Paulding may be explained by Paulding's location further from input of landderived nutrients.
Phacops specimens at Paulding are, on average, 44% larger than their
counterparts at Sylvania. This could be due to either Phacops ecology or
taphonomic bias.
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Cephla of Phacops - Paulding vs Sylvania
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Figure 8: Plot of cephlon size from both Paulding and Sylvania.
Pygidia of Phacops - Paulding vs Sylvania
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Figure 9: Plot of pygidium size from both Paulding and Sylvania.
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Average Cephalon Length
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Figure 10: Average cephlon size at Sylvania and Paulding.
Average Pygidium Length
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Figure 11: Average pygidium size at Sylvania and Paulding.
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